Abstract-Spatial normalization is an important task in neuroimaging analysis to compensate with the anatomical variations between different subjects. Current practice is to normalize the sample image to the reference brain atlas to ensure that the unbiased image-to-image comparison is possible. The available template nowadays is ICBM152, which derived from a Caucasian population. Since the brain anatomical variations has been reported especially for the inter-regional cohorts, the use of the ICBM152 template for other region subjects is questionable. In addition to that, several other factors such as age and gender have also been reported to have an effect to the brain morphometric. This study investigates the global brain shape measures for different group among Asian population. It is useful as a basis for further investigation on a more complex brain structure differences among local and inter-regional population. Later on, a group-specific atlas may be constructed to be used exclusively for Asian subjects. This study showed that gender factor has a significant effect on the brain shape while the age and race demonstrated no significant correlation.
I. INTRODUCTION
PET/CT brain imaging is one of the modalities widely used to investigate brain condition in the diagnosis of oncology and dementia-related diseases. Generally, the sign of illness may be indicated by the morphometric changes of the brain, or the irregular activity of the brain tissues. Current practice is to rely on the manual observation made by the radiologist to detect any abnormalities, based on the information on the image. As technology emerges, the potential of the computer aided diagnosis (CAD) has been found and acknowledged to be able to assist the radiologist in achieving a more accurate diagnosis [1] [2] [3] . The common approach in the system is to apply the voxel-based comparison between subject's PET/CT scan image to the reference template of normal brain. Any specific diseases will be classified using several metrics such as t-test and zscore based on these two images [4] [5] . However, the variations of the brain size and shape among different individuals cannot be ignored. Several studies have reported that the demographic and phenotypic factors have an effect to human brain shape [6] [7] . In addition to that, any movement during the acquisition procedure may have an adverse effect to the analysis. To compensate with these situations, some pre-processing steps are introduced and applied before the image-to-image analysis took place. The pre-processing steps A. J. Nordin, is a professor at the Center for Diagnostic Nuclear Imaging, Universiti Putra Malaysia (e-mail: abdjalil@upm.edu.com).
comprise the realignment step and spatial normalization to the standard coordinate space and the reference template.
To date, the most acknowledged template available is the International Consortium of Brain Mapping (ICBM152) atlas [8] . Contrast to the previous Talairach brain atlas, the ICBM152 atlas is developed in the Montreal Neuroimaging Institute (MNI) coordinate space. The atlas is widely used in several neuroimaging analysis software such as Statistical Parametric Mapping (SPM) and Neurostat. However, the variations of brain structures and functions among different regional populations raise the question whether the ICBM template is still relevant for the non-Caucasian cohorts. This situation leads to the development of a more populationspecific atlas such in [9] [10] . In addition to that, studies on brain differences between other factors such as age and gender, have increased the importance of a more groupspecific atlas [11] [12] .
In this study, the brain variation in term of shape and size between different group of Malaysian population is investigated. This preliminary study is important to observe the disparities between Asian brain and the Caucasian atlas, and emphasize the importance for Asian to have a unique brain atlas. This research direction is to establish a groupspecific brain atlas which represents the Asian population in general, and Malaysian population exclusively.
The analysis begins with the pre-processing step to standardize the image coordinate space and alignment using SPM8. Then, the brain region is segmented by using the global multilevel thresholding technique and rule-based region extraction. The segmented brain shape was measured through the bounding box and principal axes approaches. Finally, the relationship between the features obtained and the subject criteria (age, gender and sex) will be studied.
II. DATA COLLECTION

A. Samples
The PET/CT brain images of 21 patients (age range: 27-69 years, 11 male and 10 female) were taken from the Center for Diagnostic Nuclear Imaging, Universiti Putra Malaysia (CDNI, UPM). All of the subjects are oncology patients but have been confirmed to have a normal brain condition by the expert radiologist. The images were acquired using Siemens Biograph 64 scanner through the standard protocol provided by CDNI. The scan output are in the form of three images; CT, PET and fused PET/CT. In this study, only CT image is used as it offers the highest structural detail. As the samples are randomly taken, two types of kernel setup were found for the CT acquisition. The only noticeable difference of the output images is the pixel spacing, which CT kernel H31s produced 0.488mm × 0.488mm × 1.5mm voxel size while 0.586mm × 0.586mm × 1.5mm produced by kernel H19s.
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B. Data characterization
All of the subjects are characterized into 3 main criteria; age, gender and race. Each criteria consists of different number of groups. At this moment, this study only consider one criteria for each study. For the study on effect of age, the images were divided into two groups, younger than 60 years and older than 60 years. For gender effect investigation, the images were divided into 2 groups; male and female. While for the race effect analysis, the images were divided into 3 groups; Malay, Chinese and Indian.
III. METHODOLOGY
Generally, the procedure comprises four main stages as shown in Fig. 1 . The pre-processing step is crucial in order to ensure each image is in the same coordinate space and rotation. The selection of the AC-PC slice is automatically defined in this stage. The segmentation of brain area is done by a global multilevel thresholding and some rule-based region extraction. The features of the brain are defined by the global shape parameter and size. The analysis was done by investigating the age, gender and race effect to the brain features. 
A. Pre-processing
All images were transformed to the standard MNI coordinate space and went through the realignment steps using SPM8 routine. The procedures, however, were applied independently for each kernel output images. Then, the output of H19s kernel was resized with a factor of 1.2, to make it directly comparable to the images produced by H31s kernel.
To achieve an unbiased comparison, one slice was selected from each subject scans as a reference slice for the respective subject. In SPM8, the new center coordinate point is defined as the mid point of the distance between anterior commissure and posterior commissure (AC-PC line). Thus, in this study, the slice where this new center point is located, was selected for the analysis.
B. Segmentation of Brain Area
The brain area has a unique range of intensity compared to the other parts of the brain. The darker pixel represents the air while the brightest region usually indicates the skull. The brain pixels intensity lie in between of the air and skull. In this study, the different between the grey matter and white matter is not considered, since the main focus is on the global shape of the brain. Using the histogram and the default windowing level pre-defined by radiologist, the threshold value to segment the brain area was set to the intensity between -5 to 75. The largest region in the segmented image was assumed to be the brain area. The output images are shown in Fig. 2 . 
C. Shape Features Extraction
In this study, the global brain shape and size measures were used to discriminate between different brains. Eventhough the brain morphometric variations involves more complex structure, the global measurements are useful as a baseline before proceed to that direction. First, the width and length of the brain was measured based on its minimum bounding box. It is defined as the smallest rectangle that enclosed every pixels of the brain shape [13] . Fig.3(a) illustrates the bounding box which is used to measure the width and length of the brain.
Another approach to estimate the width and length of the brain is through the principal axes of fitted ellipse on the shape. Principal axes comprises the major axis and minor axis length of the shape, based on the ellipse with the same normalized second central moment as the region. The axes can be calculated by the concept of eigenvalues. Given the covariance matrix of a shape as follows;
where,
C is the covariance matrix, (x i ,y i ) is the i th pixel coordinate, (g x ,g y ) is the centroid of the shape and N is the total coordinate points. From this, the eigenvalues were computed as follows;
The length of the principal axes equal to the eigenvalues, λ 1 and λ 2 . The ellipse fitted using the obtained major and minor axis are shown in Fig.3(b) . 
IV. RESULTS AND DISCUSSIONS
This section presents the results of the brain shape variations based on three criteria; age, gender and race. The analysis was implemented independently for each criteria.
A. Age effect on human global brain shape Fig. 4 and Fig. 5 illustrate the area, length and width of the brain for each subject age, obtained from the bounding box and principal axes technique. The plots show that there is no significant trend on the effect of age to the brain length and width exclusively. Next, the sample images were divided into two age groups, which consist of subjects younger than 60 years (G y ) and subjects 60 years and older (G o ). The effect of the combined brain length and width to the age was observed and the result is presented in Fig. 6 and Fig. 7 . Again, the scatter plots show no significant effect of both factors to the subject's age. 
B. Gender effect on human global brain shape
The sample images were divided into two group based on the subject gender, male (G m ) and female (G f ). Fig. 8 illustrates the total pixel contained in the brain area for the both G m and G f . It is noticeable that G f brain is smaller compared to the G m , in term of the brain area of the image. Although the difference of brain size between G m and G f is contributed by both length and width parameters, but the brain length has a major impact, as shown in Fig. 9 , compared to the plot in Fig. 10 . As shown in Fig. 11 and Fig. 12 , the group of gender is visually separable, as G m covers more at the area of top right while G f is more noticeable at the area of left bottom side. It shows that the female brain is smaller compared to the male brain. Comparing both figures, there is no significant different between the parameter measured through the bounding box and the principal axes technique. 
C. Race effect on human global brain shape
Sample images were divided into three groups of different races; Malay (G mly ), Chinese (G chi ) and Indian (G ind ). The race factor is considered as one of the possible criteria because each group originates from different generation, and may inherit different phenotypic gene. Fig. 13 and Fig. 14 show the results of the assessed parameter for each race group. However, there is no significant trend can be noticed. It may be due to the different number of sample for each race, which may lead to the biased plot. Furthermore, it is possible that the brain has been exposed to the similar lifestyle and environment, which may suppress the effect of the inherited phenotypic factor. In this study, only gender factor has shown a significant effect to the brain morphometric based on the measured brain length, width and area of the brain region. Reports indicate that the brain size is shrinking as it gets older have not been proved here. Both measurement techniques employed here yielded similar results. Future investigation will consider every parameter collectively, not individually. For instance, to observe the age effect, data must be also categorized based on the race and gender, cumulatively. In addition to that, multivariate analysis on the features may be useful to further discriminate the brain of different cohorts.
